Bromodomain and extra terminal domain (BET) proteins function as epigenetic signaling factors that associate with acetylated histones and facilitate transcription of target genes. Inhibitors targeting the activity of BET proteins have shown potent antiproliferative effects in hematological cancers through the suppression of c-MYC and downstream target genes. However, as the epigenetic landscape of a cell varies drastically depending on lineage, transcriptional coactivators such as BETs would be expected to have different targets in cancers derived from different cells of origin, and this may influence the activity and mechanism of action of BET inhibitors. To test this hypothesis, we treated a panel of lung adenocarcinoma (LAC) cell lines with the BET inhibitor JQ1 and found that a subset is acutely susceptible to BET inhibition. In contrast to blood tumors, we show that LAC cells are inhibited by JQ1 through a mechanism independent of c-MYC down-regulation. Through gene expression profiling, we discovered that the oncogenic transcription factor FOSL1 and its targets are suppressed by JQ1 in a dose-dependant manner. Knockdown of BRD4 also decreased FOSL1 levels, and inhibition of FOSL1 phenocopied the effects of JQ1 treatment, suggesting that loss of this transcription factor may be partly responsible for the cytotoxic effects of BET inhibition in LAC cells, although ectopic expression of FOSL1 alone did not rescue the phenotype. Together, these findings suggest that BET inhibitors may be useful in solid tumors and that cell-lineage-specific differences in transcriptional targets of BETs may influence the activity of inhibitors of these proteins in different cancer types. drug development | chromatin
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drug development | chromatin C hromatin remodeling is a key epigenetic mechanism for regulating gene expression that contributes to both normal cell phenotypes and cellular transformation. This dynamic process is controlled through the posttranslational modification of histones by distinct families of enzymes such as histone deacetylases, protein methytransferases, and lysine demethylases that add or remove functional groups at a variety of residues on histone tails (1). The resulting "marks" are then recognized by discrete classes of "reader" proteins that interpret the information and assemble into complexes that facilitate chromatin remodeling (1) . This recognition step is critical in the regulation of gene expression, as the nuclear reader proteins recruit the necessary factors that initiate mRNA transcription and support mRNA elongation (2) .
Members of the bromodomain and extra terminal domain (BET) family of proteins (BRD2, BRD3, BRD4, and the testisspecific BRDT) function as important reader molecules that associate with acetylated histones and govern the assembly of chromatin complexes and transcription activators at specific promoter sites (3) . For example, bromodomain-containing protein 4 (BRD4) recruits the positive transcription elongation factor b (P-TEFb) complex to defined genomic locations in mitotic chromatin, promoting the phosphorylation and activation of RNA Pol II (4) . Recently, BETs have been shown to control the expression of numerous genes involved in cell cycle, cell growth, inflammation, and cancer, suggesting that they function as epigenetic signaling proteins that regulate transcription from specific promoters in a cell context-dependent manner (5-9). Thus, these proteins provide potential therapeutic targets for modulating gene expression programs associated with various human diseases.
Selective inhibitors of BET proteins have recently been developed that competitively occupy the acetyl-binding pockets of the closely related bromodomains, resulting in release from active chromatin and the suppression of downstream signal transduction events to RNA polymerase (8, 10) . These compounds have shown potent inhibitory activity against a range of cell lines derived from hematological malignancies, including multiple myeloma (MM), acute myeloid leukemia (AML), Burkitt's lymphoma (BL), and mixed-lineage leukemia (MLL) (8, (10) (11) (12) (13) . Importantly, the efficacy of these compounds has been attributed mainly to their ability to suppress c-MYC (v-myc myelocytomatosis viral oncogene homolog) expression and downstream transcriptional targets, upon which these cancers are dependent for their sustained growth (8, 13) . c-MYC is known to contribute to the pathogenesis of certain cancer types, so these unique findings provide a therapeutic avenue for pharmacologically inhibiting c-MYC. However, the activity of BET inhibitors in other cancers, especially carcinomas, remains largely unexplored.
The epigenetic landscape of a cell varies drastically depending on its lineage and differentiation state. Thus, it is reasonable to assume that chromatin binding factors such as BET proteins will have different transcriptional targets in cancers derived from different cells of origin, which in turn will influence the consequences and mechanism of action of BET inhibition. To test this hypothesis, we used lung adenocarcinoma (LAC) as a representative carcinoma and treated a large panel of cell lines with the BET inhibitor JQ1. We establish that a subset of these cell lines are acutely susceptible to BET inhibition and that, in contrast to hematological malignancies, this sensitivity is not dependent on c-MYC downregulation. Furthermore, we found that the oncogenic transcription factor FOS-like antigen 1 (FOSL1) and its downstream expression targets are suppressed by JQ1 treatment and knockdown of BRD4, implying that FOSL1 may play a role in drug response in LAC. Together, these findings suggest that BET protein inhibitors may be effective across a wide range of cancers, with the mechanism of action dependent on the epigenetic status of the cell.
Results
Subset of LAC Cell Lines Is Sensitive to BET Protein Inhibition. We treated a panel of 19 lung cancer cell lines for 72 h with a range of concentrations of the cell-permeable, small-molecule bromodomain inhibitor JQ1, which displays high potency and specificity toward the acetyl-binding cavity of BET proteins (10 (Fig. 1A) . All other cell lines had IC 50 values >10 μM, the maximum dose used in the treatments. Although all sensitive cell lines were LACs, there was no apparent association between JQ1 sensitivity and known driver mutations in the cell lines (Fig. 1B) . To complement the results from short-term treatments, we performed long-term colony-forming assays to determine if the inhibitory effects of JQ1 are sustained over time. Even at low JQ1 concentrations (500 nM), proliferation of sensitive cell lines was severely inhibited (>90% approximate reduction in cell number), whereas the insensitive line showed little effect (Fig. 1C) , confirming that some lung cancer cell lines are inherently sensitive to BET protein inhibition.
To characterize the physiological effects of JQ1, we performed flow cytometry of JQ1-exposed cells to determine the consequence on cell cycle progression and apoptosis. A549 and H1975 cells, which were sensitive to the drug in the proliferation assays, demonstrated a pronounced decrease in the proportion of cells in S phase, with a concurrent increase in cells in G0/G1 during treatment with 1 μM JQ1 for 24 h, whereas H460 cells showed no significant changes in cell cycle progression ( Fig. 1D and Fig. S1 ). This pattern is consistent with previous studies that demonstrated a critical role for the BET member BRD4 in the transition from mitosis to G1 and is similar to the effects on cell cycle induced by JQ1 in MM and BL cell lines (4, 13) . In addition to cell cycle arrest, treatment with modest levels (1 μM) of JQ1 also increased the number of cells undergoing apoptosis after 48 h, as measured by annexin V staining and PARP cleavage in sensitive cell lines ( Fig. 1 E and F and Fig. S2 ). In contrast, no evidence of apoptosis was observed in H460 cells at 48 h even at high JQ1 doses (5 μM) (Fig.   1F ). Together, these data suggest that JQ1 treatment decreases proliferation, blocks cell cycle progression, and induces apoptosis in a subset of lung adenocarcinoma cell lines that are sensitive to inhibition of BET proteins.
JQ1 Inhibition Does Not Prompt MYC Down-Regulation. Based on the recent findings that JQ1 reduces levels of c-MYC in drug-sensitive cell lines derived from hematological malignancies, we next determined if JQ1 suppresses expression of c-MYC in drug-sensitive LAC cell lines. Comparison of basal c-MYC mRNA and protein levels in JQ1-sensitive and -insensitive cell lines revealed a significant association between high c-MYC expression and JQ1 sensitivity ( Fig. S3 A and B) . Furthermore, gene set enrichment analysis (GSEA) (14) of microarray data identified significant upregulation of c-MYC transcriptional targets in the sensitive cell lines, suggesting these cancers may be driven by c-MYC activation (Fig. S3C) . Surprisingly, however, c-MYC mRNA levels either significantly increased or remained unchanged after JQ1 treatment in the majority (6/8) of the sensitive lung cancer cell lines ( Fig. 2A) . Of note, c-MYC transcript levels increased more than twofold in H23 cells, although this cell line is the most sensitive to JQ1. In contrast, consistent with previous reports (8) , c-MYC levels were dramatically suppressed by JQ1 in the MM cell line RPMI-8226 ( Fig. 2A) . c-MYC protein levels, like mRNA levels, were elevated or unaffected by JQ1 exposure in most lung cancer cell lines (Fig. 2B ). In addition, c-MYC protein levels were stable after long-term treatment and did not decrease when cells underwent apoptosis as measured by cleaved poly (ADP-ribose) polymerase 1 (PARP1) (Fig. 2C) . Lastly, there was a dose-dependent increase in c-MYC levels in H23 and H1975 cells, mirrored by increasing PARP1 cleavage; in contrast, c-MYC levels decreased with the appearance of cleaved PARP1 in RPMI-8226 cells, as anticipated. Collectively, these findings suggest that c-MYC down-regulation is not a requirement for JQ1-mediated inhibition in LAC. H23  H820  H2087  H2122  A549  H2009  HCC2279  H1975  PC9  H1648  H358  H2030  HCC827  H1155  H1650  H460  H3255  HCC2935  HCC4006   0  1  2  3  4  5  6 BET Protein Inhibition Represses FOSL1 and Its Targets in LAC Cells.
Because c-MYC was not suppressed by JQ1 in drug-sensitive LAC cells, the phenotypic effects of BET protein inhibition are likely to be mediated by different transcriptional targets in this type of tumor. To seek the relevant targets, we performed gene expression profiling of two sensitive (H23 and H1975) and one insensitive (H460) cell line treated with JQ1. To increase the likelihood of identifying direct effects of JQ1, we collected samples after just 6 h of treatment. The insensitive cell line was used to identify changes in gene expression that did not inhibit growth.
Comparison of significantly differentially expressed genes identified a set of 298 annotated transcripts that are regulated by BET inhibition exclusively in sensitive cells (Fig. 3A) . Ranking these transcripts by their differential expression score (defined in Materials and Methods) revealed numerous genes previously implicated in tumorigenesis that were strongly down-regulated by JQ1 treatment; these included HAS2, ILR7, MDM2, RUNX2, TRAF1, and FOSL1 ( Fig. 3B and Dataset S1).
To determine if the deregulation of a specific transcription factor could potentially explain the changes in gene expression induced by BET inhibition, we performed ingenuity pathway analysis (IPA) using the JQ1-affected genes. Four transcription regulators were found to be significantly associated with the JQ1 gene signature, with three predicted to be activated (EGR1, HIC1, and GFI1) and one inhibited (FOS), based on whether their target genes were up-or down-regulated (Fig. 3C) . To complement the IPA analysis, we used GSEA to identify common transcriptionfactor binding sites associated with genes affected by BET inhibition. Genes repressed by JQ1 treatment were significantly enriched for activator protein 1 (AP-1) DNA binding motifs; these serve as targets for the heterodimeric AP-1 transcription factor complex formed by FOS and JUN protein family members ( Fig.  3D and Fig. S4 ) (15) . Thus, both IPA and GSEA demonstrated a significant enrichment for FOS targets within the JQ1-regulated gene set. In contrast, binding motifs for the other transcription factors predicted by IPA to be associated with JQ1 response (EGR1, HIC1, and GFI1) did not significantly overlap with the gene signature determined by GSEA (Fig. S4) . Lastly, IPA or GSEA did not identify c-MYC targets as being significantly repressed upon JQ1 treatment, suggesting that BET inhibition is not interfering with c-MYC transcription function in a manner independent of c-MYC down-regulation (Fig. 3C and Fig. S4 ).
Gene expression analyses highlighted a potential role for the transcription factor FOS in mediating the response to JQ1 in LAC cell lines. Although FOS itself was not differentially expressed upon JQ1 treatment, its closely related family member, FOSL1, was one of the most significantly down-regulated genes (Fig. 3B) . Like FOS, FOSL1 forms dimers with JUN family members to regulate AP-1 target genes (16) , and FOS and FOSL1 are thought to control similar sets of genes, because FOSL1 is able to replace FOS in genetically altered animal models (16) . Although both proteins have previously been implicated in tumorigenesis, FOSL1 is the main FOS family member linked to lung cancer (17) . Analysis of RNA-Seq data from The Cancer Genome Atlas revealed that it is the only FOS member commonly overexpressed in LAC (Fig. S5) . Furthermore, the BET protein BRD4 is known to localize to the FOSL1 enhancer where it initiates transcriptional initiation and elongation (18) . Thus, we predict that deregulation of FOSL1 might be responsible, at least in part, for the FOS gene expression signature induced by JQ1 treatment and may represent a key target of BET inhibition in sensitive cell lines.
Consistent with this hypothesis, FOSL1 mRNA was repressed upon treatment of all JQ1-sensitive cell lines, with 6/8 reaching statistical significance (Fig. 3E) . In addition, FOSL1 protein levels decreased following BET inhibition in most drug-sensitive cell lines (Fig. 3F) , whereas the insensitive cell line H460 showed no appreciable effects on FOSL1 expression or protein levels after JQ1 treatment (Fig. 3 E and F, respectively) , consistent with the findings from the gene expression profiling analysis (Fig.  3 A and B) . The MM cell line RPMI-8226 also showed decreased FOSL1 mRNA after treatment, although this did not reach significance. This contrasts with c-MYC expression levels ( Fig. 3 E  and F) . FOSL1 protein also diminished with increased duration of JQ1 treatment in H23 cells (Fig. 3G) ; unlike c-MYC FOSL1 protein appeared to decline in association with cleaved PARP1 (Fig. 3G and Fig. S2) , suggesting a functional link between FOSL1 suppression and the induction of apoptosis in this cell line. Lastly, there was a dose-dependent decrease in FOSL1 protein in H23 and A549 cells, demonstrating the dependency of FOSL1 levels on BET activity. Together, these data suggest that FOSL1 is a direct target of BET inhibition in LAC cell lines.
FOSL1 Is a Transcriptional Target of BRD4 in LAC Cell Lines. BRD4 is known to localize to the FOSL1 enhancer where it recruits PTEFb, leading to the activation of RNA Pol II and subsequent transcriptional elongation (18) . To confirm the requirement of BRD4 for FOSL1 transcription, and thus, demonstrate its viability as a target of BET inhibition in LAC, we reduced expression of BRD4 with siRNA in JQ1-sensitive cell lines and assayed for FOSL1 mRNA and protein levels. H23, A549, and H1975 cells were treated with BRD4 siRNAs and reduced levels of BRD4 were confirmed by quantitative RT-PCR (Fig. 4A) . BRD4 knockdown significantly reduced levels of FOSL1 transcripts in all JQ1-sensitive cell lines analyzed, mimicking the effects of JQ1 treatment (Fig. 4A) . In addition, BRD4 siRNA suppressed FOSL1 protein in these lines, whereas it had no effect on c-MYC protein levels, similar to the results produced by JQ1 treatment in these cell lines (Fig. 4B and Fig. S6) . Knockdown of the BET family members BRD2 and BRD3 had no apparent effects on FOSL1 mRNA or protein levels, implying that the decrease of FOSL1 upon JQ1 treatment is specifically due to inhibition of BRD4 (Fig. S6 ).
JQ1-Sensitive LAC Cells Are Inhibited by FOSL1 Knockdown. The sensitivity of a subset of LAC cell lines to BET inhibition, coincident with down-regulation of FOSL1 in these cell lines, suggested that FOSL1 might mediate the response to JQ1. Correspondingly, this would also mean that sensitive cell lines are dependent on sustained FOSL1 expression for survival. The finding that FOSL1 mRNA and protein levels were significantly higher in sensitive compared with insensitive cell lines could be interpreted to support this assumption (Fig. S7) . Therefore, we used RNAi to inhibit FOSL1 in sensitive cell lines, because this should phenocopy the effects of BET protein knockdown and JQ1 treatment. H23, A549, and H1975 cells were treated with siRNAs for FOSL1 or BRD4, and knockdown was confirmed by quantitative RT-PCR and Western blot (Fig. 4 A and B and Fig. S6 ). Cell viability was assessed 72 h after knockdown, with nontargeting (NonT) and KRAS or KIF11 siRNAs serving as negative and positive controls, respectively. Knockdown of FOSL1 significantly reduced the viability of all three sensitive cell lines (average reduction in viability = 35%), in agreement with a role for FOSL1 in mediating survival (Fig. 4C) . Although FOSL1 siRNA inhibited the cells to a lesser degree than JQ1 treatment (average reduction in viability = 64%), the effects were similar to those observed by ARL14  SLITRK6  GPR87  NEXN  RUNX2  IL7R  LOC388022  MDM2  LOC728377  SEMA4B  TRAF1  FOSL1  TSKU  LYPD1 /// GPR39  CLCF1  SEMA4C  ADORA2B  MMACHC  MTL5  SESN3  CCNE2  GCLC  HIST1H4H  HIST2H2BF V$AP1_Q2_01 BRD4 knockdown (average reduction in viability = 40%) (Fig.  4C) . Importantly, knockdown of BRD2 and BRD3 also inhibited the viability of the sensitive cell lines, by 37 and 27%, respectively (Fig. S6) . Although JQ1 is selective toward binding of BET, and not other, bromodomains, it has nearly equal activity against BRD2, BRD3, and BRD4. Thus, the effects of JQ1 treatment on LAC cells may be due to the cumulative inhibition of all BET family members and not a single protein alone. Coupled with the finding that BRD4 is the only BET family member that appeared to control FOSL1 levels (Fig. S6) , these data suggest that FOSL1 may serve as a downstream factor mediating the BRD4-specific effects of JQ1 inhibition and support the conclusion that downregulation of FOSL1 is at least a partial cause of growth inhibition induced by BET inhibitors in LAC cells.
Exogenous Expression of FOSL1 Is Not Sufficient to Rescue Cells from JQ1 Treatment. Next, we asked whether exogenous expression of FOSL1 could rescue sensitive cell lines from the deleterious effects of BET inhibition. Two sensitive cell lines (H23 and H1975) were stably transduced with retroviral vectors that express FOSL1 cDNA and expression was confirmed by Western blots (Fig. S8) . Exogenous expression of FOSL1 led to stable protein levels in these cell lines even after JQ1 treatment, consistent with the expectation that BRD4 is not required for transcription from the retroviral construct (Fig. S8 ). Cells were then treated with JQ1 and assayed as in the initial screens described in Fig. 1 to determine sensitivity to BET protein inhibition. Surprisingly, cells overexpressing FOSL1 and control cells were equally sensitive to JQ1 (Fig. S8) , indicating that exogenous FOSL1 was unable to protect cells from growth inhibition mediated by JQ1. Thus, although FOSL1 down-regulation likely plays a role in response to the BET inhibitor, it is probable that additional factors also render LAC cells sensitive to inhibition of BET proteins.
Discussion
In this study, we show that a subset of LAC cell lines is highly sensitive to the BET inhibitor JQ1, suggesting that such inhibitors may provide a viable therapeutic strategy for treatment of solid as well as hematological tumors. Down-regulation of c-MYC and its target genes was identified as the main mechanism mediating the antiproliferative effects of BET inhibition in leukemia and lymphoma (8, 11, 13) . In these cancer types, BRD4 actively binds to the c-MYC promoter and regulates signaling events leading to transcript elongation (13) . In response to BET inhibitors, BRD4 is released from acetylated histones at the c-MYC locus, reducing gene expression (13) . We found here that BET inhibition does not down-regulate c-MYC in sensitive lung cancer cells but instead affects the expression of several other genes potentially involved in the drug response. This was surprising, especially considering the fact that sensitive LAC cell lines demonstrated many aspects of c-MYC dependency, including high c-MYC mRNA and protein levels and up-regulation of c-MYC target genes (Fig. S3) . However, as the epigenetic state of a cell is dramatically influenced by cell lineage, it is likely that BET and other chromatin binding proteins have different transcriptional targets in different cancer types. Indeed, our results imply that c-MYC, although dependent on BET proteins for transcription in the hematological cancer cell lines, is regulated by BET-independent mechanisms in LAC cells. These findings have important implications, as they suggest that not all cancers dependent on c-MYC for survival will respond to BET inhibition. Instead, sensitive cancers from different tissue types will likely respond to BET inhibition through different pathways. As a result, it may be difficult to predict which patients will benefit from therapy with BET inhibitors. Thus, a strategy that considers cell lineage, genetic background, and epigenetic status will likely be needed to achieve optimal treatment response. Furthermore, it should also be noted that reduction of c-MYC is not solely responsible for the antiproliferative effects of BET inhibition in hematological cancers, as exogenous expression of c-MYC from a retroviral vector cannot fully rescue cells from JQ1 treatment (8, 13) . Also, in addition to potentially maintaining the expression of driver oncogenes, BET proteins serve many general functions involved in regulating cell cycle progression (9), such as bookmarking genes for postmitotic reactivation (19) . As a result, the action of additional genes is likely, and the effects of BET inhibition may be mediated through multiple factors, even in a single cancer type. Down-regulation of the oncogenic transcription factor FOSL1 was identified as a potential cause of the antiproliferative effects of BET protein inhibition in LAC cells. FOSL1 mRNA and protein levels were reduced by JQ1, and genome-wide expression profiling identified a significant enrichment of putative FOSL1 targets within the set of JQ1-repressed genes. FOSL1 poses a reasonable target for mediating the effects of BET protein inhibition in LAC: numerous lines of evidence point to a key role for this transcription factor in lung tumorigenesis. For example, FOSL1 is persistently activated by toxicants in cigarette smoke, acts as a downstream transcription effector of signaling pathways commonly mutated in lung cancer, and induces lung epithelial cell invasion and anchorage-independent growth (17, 20) . Furthermore, overexpression of FOSL1 but not other AP-1 components, in transgenic mouse models leads to the development of lung bronchoalveolar tumors (21) . Our finding that FOSL1 is overexpressed in a large proportion of human LAC tumors further supports this conclusion. Lastly, FOSL1 is necessary for KRAS-and EGFR-induced neoplastic transformation in different model systems (22) . Because many of the JQ1-sensitive LAC lines have mutations in KRAS or EGFR, FOSL1 may play a vital role in maintaining the malignant phenotype of these cells. Indeed, we found that many cell lines that are sensitive to JQ1 Asterisks denote the level of statistical significance (*P < 0.05, **P < 0.01, ***P < 0.005; one-tailed, one-sample t test).
treatment have elevated FOSL1 levels and that FOSL1 knockdown inhibits their growth, suggesting that these cells are dependent on sustained FOSL1 for survival. However, as some of the LAC cell lines most sensitive to JQ1, notably H23, express very low levels of FOSL1 whereas some that are insensitive to JQ1 have high FOSL1 mRNA and protein-as well as mutations in EGFR and KRAS-the predictive value of these characteristics are clearly limited. Low or high levels of FOSL1 may sensitize LAC cell lines to JQ1, depending on the specific cellular context, such as the status of other FOS family members. Furthermore, JQ1-induced down-regulation of FOSL1 was less common in insensitive lung cancer cell lines and, unlike sensitive cell lines, their growth was not significantly inhibited by FOSL1 knockdown (Fig.  S9) , implying a possible correlation between FOSL1 dependency and JQ1 sensitivity in lung adenocarcinoma. Collectively, our data show that FOSL1 is down-regulated by BET inhibition and that this event is associated with the decreased viability of drug-sensitive LAC cells. Because FOSL1 has a critical role in lung cancer development, BET inhibitors may provide a therapeutic strategy for targeting tumors dependent on this gene.
Further support for FOSL1 as a target of BET inhibition is provided by the observation that BRD4 is required for expression of the FOSL1 gene (18) . The mechanism by which this occurs is well established and is stimulated by the phosphorylation of serine 10 in histone H3 (H3S10ph) at the FOSL1 enhancer by PIM1 kinase. This phosphorylation triggers a cascade of events leading to histone acetylation, BRD4 binding, and subsequent enhancement of transcriptional elongation (18) . Thus, it is assumed that treatment with JQ1 would directly interfere with localization of BRD4 to the FOSL1 enhancer by disrupting the ability of its bromodomain to bind to the acetylated histone H3 induced by this signaling cascade. Consistent with this notion, we found that knockdown of BRD4 mimicked the effect of JQ1 treatment, leading to decreased levels of FOSL1 transcripts and proteins in sensitive lung cancer cell lines. Interestingly, c-MYC is also known to localize to the FOSL1 enhancer where it is involved in recruiting PIM1 kinase and thus initiating the chain of events described above (23) . Because JQ1-sensitive LAC cells express high levels of c-MYC RNA and protein, in addition to FOSL1 gene products, and c-MYC and FOSL1 transcript levels are highly correlated across lung cancer cell lines (Fig. S7 ), it will be interesting to explore the relationship between c-MYC, FOSL1, and BRD4 in this cancer type and investigate how the dynamics among these proteins are disrupted by exposure to BET inhibitors. Together, our findings, combined with those from previous studies, highlight the requirement for BRD4 in regulating FOSL1 gene transcription.
The finding that exogenous FOSL1 did not rescue sensitive LAC cell lines from the effects of JQ1 treatment might seem to contradict our conclusion that this gene is involved in mediating the drug response. We argue that this finding does not preclude a role for FOSL1. Because the knockdown of BRD2 and BRD3, in addition to the knockdown of BRD4, inhibited the growth of drugsensitive lung cancer cells, it is likely that the cumulative inhibition of all BET proteins is responsible for the antiproliferative effects of JQ1 in this tumor type. However, because down-regulation of FOSL1 is attributed specifically to BRD4 inhibition, it is likely that exogenous FOSL1 cannot protect sensitive cells from the deleterious effects of BRD2 and BRD3 inactivation elicited by JQ1. In addition, because FOSL1 needs to form a hetrodimer to regulate transcription from AP-1 DNA binding motifs (16) , it is possible that overexpressing FOSL1 alone may not be sufficient to rescue target genes without coexpression of an appropriate binding partner. Moreover, as JQ1 leads to the down-regulation of several genes with potential roles in tumorigenesis, such as HAS2, MDM2, ILR7, and TRAF1, in addition to FOSL1, we cannot rule out the possibility that other factors may be responsible for mediating the effects of BET inhibition in LAC. Indeed, a recent study on the effects of JQ1 in acute lymphoblastic leukemia identified IL7R as a critical target (24) . Even so, our cumulative results support the conclusion that loss of FOSL1 is at least partly responsible for the cytotoxic effects of BET inhibition in LAC cells.
Materials and Methods
Cell lines were cultured under standard conditions in 96-well plates and treated with JQ1 for 72 h followed by the addition of Alamar Blue cell viability reagent for dose-response analysis. Cell cycle analysis, Annexin V staining, protein extraction, western blots, quantitative RT-PCR, gene expression profiling, and siRNA transfections were performed using standard methods. A detailed description of the reagents, protocols, and computational analyses used in this study can be found in SI Materials and Methods.
